Introduction {#sec1-1}
============

Idiopathic orbital inflammation (IOI), also known as orbital pseudotumor, nonspecific orbital inflammation, orbital inflammatory syndrome, is a benign, noninfective inflammatory condition of the orbit without any identifiable local or systemic cause. IOI accounts for approximately 8%--10% of all orbital mass lesions.\[[@ref1][@ref2]\]

There is no universally accepted classification for IOI. Depending on the orbital site of involvement, IOI can be conveniently divided into categories including anterior, diffuse, apical or posterior, myositis, and dacryoadenitis. Other rare IOI types include periscleritis, perineuritis, and focal mass. This review aims to highlight the clinical features, diagnostic approaches, treatment, and prognosis of IOI and review the recent publications on the subject.

Clinical Features {#sec1-2}
=================

IOI may present in acute, subacute, or chronic fashion. It is usually unilateral, but bilateral disease, either simultaneously or sequentially, occurs with an incidence of 8%--20%.\[[@ref3][@ref4]\] IOI is usually seen in the fifth decade and there is no sex predilection. However, orbital myositis most commonly affects young adults in the third to fourth decade of life and shows female predilection.\[[@ref5]\]

IOI may present with a wide range of clinical manifestations. The anterior IOI affects the globe, conjunctiva, eyelids, neural, and adjacent muscular structures. Pain and periorbital swelling are the most frequently encountered presenting features \[[Figure 1a](#F1){ref-type="fig"}\]. Other common features include conjunctival chemosis and limited ocular motility. Rarely, proptosis, uveitis, papillitis, and exudative retinal detachment can also be seen.\[[@ref6]\]

![Anterior idiopathic orbital inflammation. (a) A 60-year-old woman presenting with right complete ptosis due to eyelid edema. (b) T1-weighted axial magnetic resonance image shows that inflammation occupying the right anterior orbit has a molded appearance with ill-defined margins and is isointense with respect to extraocular muscles and cerebral gray matter (Reproduced from Gündüz K, Yesiltas YS, Shields CL. Orbital Tumors: A systematic review part II. Expert Rev Ophthalmol 2015;22:485-508)](MEAJO-25-71-g001){#F1}

Patients with diffuse IOI present with features similar to anterior IOI. However, the findings are more severe in diffuse IOI. Furthermore, proptosis is seen more frequently with the diffuse variant compared to anterior IOI \[[Figure 2a](#F2){ref-type="fig"}\].\[[@ref6]\]

![Diffuse idiopathic orbital inflammation. (a) A 43-year-old woman showing marked proptosis of the left eye with downward displacement and upper eyelid swelling. (b) T1-weighted axial magnetic resonance image shows diffusely infiltrating mass with ill-defined borders in the left orbit that is isointense with respect to extraocular muscles and cerebral gray matter. (c) Histopathologic examination shows that the orbital fat is infiltrated by lymphocytes and plasma cells consistent with idiopathic orbital inflammation (H and E, ×200)](MEAJO-25-71-g002){#F2}

Apical or posterior IOI, while less common, is associated with a poorer visual outcome.\[[@ref7]\] Clinically, apical IOI presents with orbital pain, restricted eye movement, visual loss, and minimal proptosis.\[[@ref8]\] Inflammatory lesions of the orbital apex may extend intracranially through superior orbital fissure, optic canal, and inferior orbital fissure. The cavernous sinus and the middle cranial fossa are the two most common locations for intracranial involvement.\[[@ref9]\] In a series of 90 consecutive cases of IOI, 8.8% (8 cases) showed radiological evidence of intracranial extension.\[[@ref10]\] Tolosa--Hunt syndrome is a rare clinical condition caused by idiopathic granulomatous inflammation in the region of cavernous sinus and/or superior orbital fissure. Tolosa--Hunt syndrome presents with relapsing/remitting partial/complete ophthalmoplegia, visual loss, and unilateral headache.\[[@ref11]\]

Myositis involves single or multiple extraocular muscles (EOMs).\[[@ref5]\] Clinically, it presents with unilateral orbital or periorbital pain, diplopia, ocular motility restriction, proptosis, eyelid swelling, and conjunctival injection at the site of tendon insertion \[[Figure 3a](#F3){ref-type="fig"}\].\[[@ref12]\] The most frequently involved muscle is the medial rectus followed by the superior, lateral and inferior rectus muscles.\[[@ref7]\] Isolated levator palpebrae muscle involvement has also been seldom reported.\[[@ref13]\]

![Myositis. (a) A 19-year-old man with myositis of medial rectus muscle in the right eye. In this patient, upper eyelid swelling, proptosis, and conjunctival injection were observed. (b) T1-weighted axial magnetic resonance image demonstrates fusiform enlargement of the right medial rectus. The lesion is isointense with respect to extraocular muscles and cerebral gray matter](MEAJO-25-71-g003){#F3}

Dacryoadenitis is the most commonly encountered subtype of IOI, accounting for approximately 50% of all IOIs.\[[@ref7][@ref14]\] The typical acute presentation of dacryoadenitis includes a painful, firm, erythematous mass with edema in the lateral upper eyelid, and S-shaped ptosis sometimes associated with dry eye \[[Figure 4a](#F4){ref-type="fig"}\].\[[@ref4]\] In 20% of patients, both lacrimal glands are affected, either simultaneously or sequentially.\[[@ref4]\] Since the description of IgG4-related disease, a subset of patients with the initial diagnosis of idiopathic dacryoadenitis have been relabeled as IgG4-related dacryoadenitis. Immunoglobulin G4-related ophthalmic disease (IgG4-ROD) most frequently involves lacrimal gland but can also affect the orbital soft tissue, optic nerve, trigeminal nerve branches, especially infraorbital nerve, sclera, choroid, and orbital adnexa.\[[@ref15]\]

![Dacryoadenitis. (a) A 16-year-old girl with right dacryoadenitis presenting with a characteristic S-shaped ptosis. (b) T2-weighted axial magnetic resonance image demonstrates bilateral diffuse enlargement of lacrimal gland which is more pronounced in the right orbit. The tumor has an ill-defined molded appearance and is isointense with respect to extraocular muscles and cerebral gray matter. (c) The patient underwent orbitotomy and surgical debulking. Gross appearance of the excised yellow-reddish lacrimal gland tissue is depicted in the photograph](MEAJO-25-71-g004){#F4}

Periscleritis refers to inflammation involving the sclera, uvea, and/or Tenon\'s capsule. Clinical features of periscleritis include orbital pain, exophthalmos, eyelid edema, vision decrease, and associated uveitis.\[[@ref8]\]

Optic perineuritis also known as perioptic neuritis, is a rare idiopathic orbital inflammatory disease, in which the specific target tissue is the optic nerve sheath, rather than the optic nerve axons as occurs in optic neuritis or optic neuropathy. Optic perineuritis usually presents with pain, swollen optic disc, and arcuate and paracentral visual field defects. Optic perineuritis usually responds well to systemic corticosteroids unlike the other entities in the differential diagnosis.\[[@ref16]\]

IOI may also present as a focal inflammatory mass in the orbit. The clinical presentation varies according to the location and extent of the mass, with resulting symptoms related to mass effect and inflammation or infiltration \[[Figure 5a](#F5){ref-type="fig"}\]. Clinically, a space-occupying or infiltrating focal mass may present with proptosis, motility disturbance, optic nerve compression, and other inflammatory signs including edema and hyperemia.

![Focal idiopathic orbital inflammation. (a) A 36-year-old man presenting with left proptosis characterized by lateral and inferior displacement of the globe. (b) T1-weighted coronal magnetic resonance image shows an ill-defined, hypointense mass, discrete from adjacent extraocular muscles in the left orbit. (c) Photograph demonstrates gross appearance of the completely excised inflammatory mass. (d) Postoperative facial photograph at 3-month follow-up shows the absence of proptosis with slight hypotropia of the left eye](MEAJO-25-71-g005){#F5}

A small subset of IOI is associated with sclerosing orbital inflammation. Sclerosing orbital inflammation produces serious morbidity with a severe, chronic, progressive disease often characterized by proptosis, mild inflammatory signs, restricted ocular motility, and pain.\[[@ref17]\] Due to the progressive nature of the lesion, it may present as diffuse orbital involvement or with extraorbital involvement (intracranial or infratemporal fossa).\[[@ref17]\] The relationship between sclerosing orbital inflammation and IgG4-ROD has not yet been elucidated.

IOI is uncommon in the pediatric age group.\[[@ref18]\] It is usually characterized by bilateral involvement in children that differ from the adult presentations. Constitutional signs and symptoms such as headache, fever, emesis, anorexia, lethargy, and abdominal pain can be seen in up to 50% of the patients. Optic disc edema, uveitis, and eosinophilia appear to be more common in the pediatric population.\[[@ref19]\] Differential diagnosis of pediatric IOI may include orbital cellulitis, rhabdomyosarcoma, thyroid orbitopathy, leukemia, orbital trauma with retained foreign body, ruptured dermoid cyst, lymphangioma, neuroblastoma, Langerhans cell histiocytosis, and secondary orbital retinoblastoma.\[[@ref18]\]

Imaging Features {#sec1-3}
================

In anterior IOI, the characteristic computed tomography (CT) and magnetic resonance imaging (MRI) findings include an ill-defined anterior orbital mass demonstrating a molded configuration, sometimes with uveoscleral thickening \[[Figure 1b](#F1){ref-type="fig"}\]. IOI is hypointense to isointense with respect to EOM on T1-weighted images and hypointense to isointense on T2-weighted (T2-W) images \[Figures [1b](#F1){ref-type="fig"}, [2b](#F2){ref-type="fig"}, [3b](#F3){ref-type="fig"}, [4b](#F4){ref-type="fig"}, [5b](#F5){ref-type="fig"}, [6a](#F6){ref-type="fig"}, and [6c](#F6){ref-type="fig"}\]. The sclerosing type of inflammation shows definite hypointensity on T2-W images.\[[@ref6]\] After gadolinium injection, enhancement is variable depending on the stage of inflammation. In the acute stages of the disease, enhancement is marked \[Figures [6b](#F6){ref-type="fig"} and [7a](#F7){ref-type="fig"}\]. In chronic and sclerosing types of inflammation, minimal-to-moderate enhancement is seen.

![Apical or posterior idiopathic orbital inflammation. (a) T1-weighted axial magnetic resonance image reveals the right lesion in the orbital apex that is isointense with respect to extraocular muscles and cerebral gray matter. (b) The lesion demonstrates marked enhancement after contrast injection. (c) T2-weighted axial magnetic resonance image demonstrates that the lesion is hypointense to isointense with respect to extraocular muscles and cerebral gray matter](MEAJO-25-71-g006){#F6}

![Granulomatous orbital inflammation. (a) Contrast-enhanced T1-weighted coronal magnetic resonance image shows ill-defined mass in the inferonasal right orbit with marked enhancement. (b) Gross photograph shows the excised reddish-colored orbital mass with irregular surface. Histopathologic examination revealed granulomatous inflammation](MEAJO-25-71-g007){#F7}

The CT and MRI findings in diffuse IOI are similar to anterior IOI. When there is diffuse infiltration of the orbital fat and EOM, the imaging finding is referred to as the "casting sign." The orbital lymphoproliferative disease can cause similar imaging findings. Diffusion-weighted (DW) imaging is perhaps the most reliable technique to distinguish lymphoproliferative disease and cellulitis from inflammation based on the apparent diffusion coefficient.\[[@ref20]\]

The signs of intracranial involvement that can be seen in apical IOI on CT and MRI include abnormal soft tissue in the superior orbital fissure extending into the middle cranial fossa, expansion of the ipsilateral cavernous sinus, and thickening and/or enhancement of the meninges contiguous with the orbital inflammation.\[[@ref10]\]

Myositis is characterized by a unilateral thickening of one or more EOMs often involving the myotendinous junction with a fusiform configuration on CT and MRI \[[Figure 3b](#F3){ref-type="fig"}\]. There may be ill-defined infiltrates throughout the surrounding orbital fat.\[[@ref6]\] These are important features in distinguishing myositis from thyroid orbitopathy, which affects EOM bilaterally and spares the myotendinous junction with an increase in orbital fat volume.

Dacryoadenitis demonstrates a diffusely enlarged lacrimal gland with ill-defined margins conforming to the shape of the globe and orbital bone on CT and MRI \[[Figure 4b](#F4){ref-type="fig"}\].\[[@ref6]\] Lymphoma in the lacrimal gland region may also mimic dacryoadenitis and as described earlier may be distinguished from IOI using DW MRI and definitely by orbital biopsy.\[[@ref20]\]

In periscleritis, ultrasonography, CT, and MRI show heterogeneous thickening of the sclera and/or uvea. This is often associated with edema fluid extending into Tenon\'s space yielding a lucent area or the so-called "ring sign."\[[@ref21]\] The blurring of the sclera margins may be seen.

In perineuritis, MRI is typical with a characteristic circumferential enhancement around optic nerve sheath, a "doughnut sign" on coronal views and "tram-track" sign on axial views. There may be streaky densities in the contiguous orbital fat.\[[@ref22]\] In contrast, optic neuritis tends to show enhancement of optic nerves itself, with or without white matter lesions.

Imaging features of focal IOI are similar to other subtypes and may include hypointensity or isointensity on T1 and T2 images, and contrast enhancement \[[Figure 5b](#F5){ref-type="fig"}\].

The Role of Orbital Biopsy in Idiopathic Orbital Inflammation {#sec1-4}
=============================================================

A major of debate in the management of IOI is the need for orbital biopsy. Typical IOI cases can be treated with systemic corticosteroids without a biopsy. Given the concern for surgical morbidity, myositis and apical IOI can be managed with systemic corticosteroids initially. Orbital biopsy is required in cases that do not respond appropriately, demonstrate progression or recurrence despite corticosteroid treatment.\[[@ref23]\]

Differential Diagnosis {#sec1-5}
======================

There are many diseases that can mimic IOI. Differential diagnosis according to subclassifications of IOI is given in [Table 1](#T1){ref-type="table"}.

###### 

Differential diagnosis of idiopathic orbital inflammation by subclassification

![](MEAJO-25-71-g008)

Pathogenesis {#sec1-6}
============

The etiology and pathogenesis of IOI are currently unknown. Infectious process, autoimmune disorder, and aberrant wound healing have all been implicated in the pathogenesis. Molecular mimicry where a foreign antigen shares structural similarities with self-antigens has been suggested as an explanation for IOI after an acute infection. Infectious process such as upper respiratory tract infections and viral illness can be temporally linked to the onset of orbital myositis. Streptococcal infection, Lyme disease, varicella-zoster disease also have been implicated in the development of orbital myositis.\[[@ref24][@ref25][@ref26]\]

Concurrent autoimmune disease such as Crohn disease, ankylosing spondylitis, and psoriasis, has been shown to be present in 10% of patients with IOI, which suggest immunologic dysregulation being at least one component underlying IOI.\[[@ref27]\] An autoimmune process has also been suggested based on the presence of circulating autobodies against EOM antigens in patients with orbital myositis.\[[@ref28]\]

Mombaerts *et al*. proposed aberrant immune-mediated production of fibrogenic cytokines leading to aberrant wound healing as the ocular mechanism underlying the process of fibrosis in sclerosing orbital inflammation.\[[@ref29]\] In light of this theory, the development of IOI can be considered as aberrant wound healing with cytokine-driven fibroblast proliferation and collagen synthesis as a final common pathway, provoked by infection or autoimmune disease.

Imbalance of inflammatory cytokines has also been documented in IOI. Recently, Wladis *et al*. have reported high levels of interleukin (IL)-2, IL-8, IL-10, IL-12, interferon (IFN)-γ, and tumor necrosis factor (TNF)-α cytokines in IOI histopathological specimens and inferred an important pathogenetic role of a T helper 1-related disorder in the pathogenesis of IOI.\[[@ref30]\] Another immunohistochemical study has documented that CD20 and CD25 are strongly expressed in IOI, suggesting that rituximab (RTX) which targets CD20 and denileukin diftitox (ONTAK) which targets CD25 may be beneficial in IOI.\[[@ref31]\]

Recently, gene expression profiling methods have been used to investigate phenotypic variability in IOI. Genomic upregulation involving immunoglobulin, CXCR4, YKL-40, CXCL9, SLAM Family 7, IL-7 receptor and genomic downregulation involving alcohol dehydrogenase 1B, perilipin 1, adiponectin, leptin receptor, and C1Q have been documented in patients with IOI by gene expression array methods.\[[@ref32]\] Genotypic analysis will definitely shed more light on the phenotypic variability observed among IOI cases. Consequently, targeted subset treatment of IOI cases may become possible in the future.

Histopathology {#sec1-7}
==============

Histologically, IOI has the features of chronic inflammatory infiltrate, composed mainly of small mature lymphocytes (predominantly T-cells), plasma cells, neutrophils, eosinophils, and occasionally with histiocytes and macrophages \[[Figure 2c](#F2){ref-type="fig"}\]. The infiltrate can be focally organized in lymphoid follicles with reactive germinal centers. Stromal changes may include edema, proliferative fibrosis, and sclerosis. Vascular changes may include perivasculitis and/or angiocentric lymphocytic cuffing. Macroscopically, excised IOI tissue appears as a yellow-gray-pink firm, rubbery lesion \[Figures [4c](#F4){ref-type="fig"} and [5c](#F5){ref-type="fig"}\].\[[@ref29]\]

Sclerosing IOI is a distinct subtype of IOI characterized by the replacement of orbital tissues by dense, fibrous tissue with sparse inflammatory cell infiltrate.\[[@ref33]\] Historically, this has been thought to be a sequelae to long-standing IOI, but it is now thought that this condition might represent a specific subtype and separate entity and may even be related to IgG4-ROD although this is at present not proven.

The presence of granulomatous inflammation in IOI is relatively uncommon \[Figures [7a](#F7){ref-type="fig"} and [7b](#F7){ref-type="fig"}\]. Granulomatous orbital inflammation is characterized by histiocytic infiltration and sometimes with well-formed noncaseating granulomas, and is not associated with systemic vasculitic or granulomatous diseases.\[[@ref34]\]

Treatment and Prognosis {#sec1-8}
=======================

Corticosteroids {#sec2-1}
---------------

Corticosteroids have both anti-inflammatory and immunosuppressive effects. The anti-inflammatory effects occur through inhibition of phospholipase A2 and cyclooxygenase pathways. The immunosuppressive effects are due to the inhibition of IL and IFN synthesis, inhibition of major histocompatibility antigen expression, and cytotoxic effect on T lymphocytes. Systemic corticosteroids are currently considered first-line therapy for IOI. Over 75% of patients show dramatic improvement in all symptoms and findings initially.\[[@ref35]\] A starting dose of 1 mg/kg/day of prednisone is typically used with a slow taper over 6--8 weeks. There are well-established undesirable systemic side effects of long-term systemic corticosteroids. These include hyperglycemia, hypertension, cushingoid features, osteoporosis, adrenal suppression, weight gain, avascular bone necrosis, and growth retardation in children. Ocular side effects include glaucoma, cataract, and herpetic corneal infection.\[[@ref36][@ref37]\]

In a study by Mombaerts *et al*. that reviewed the treatment of 32 patients with IOI, 27 patients initially received systemic corticosteroids. Of these 27 patients, 21 (78%) showed an initial response and 10 (37%) obtained a definitive cure. After the initial response, 11 (52%) of the 21 patients recurred.\[[@ref38]\] The authors concluded that systemic corticosteroids offered little help in the treatment of IOI other than IOI-related optic neuropathy. Yuen and Rubin reported complete resolution without recurrence in 63% of patients with IOI, 20% of whom required additional immunosuppressive agents.\[[@ref7]\] Intraorbital triamcinolone acetonide injection has also been found to be an effective treatment for IOI.\[[@ref39]\] Therefore, it appears that systemic corticosteroids may be effective as sole treatment in at least 40% patients with IOI and when combined with other immunosuppressants may show effect in about 60% of patients. Further, there may be a role for intraorbital corticosteroids either alone in combination with systemic corticosteroids.

Nonsteroidal Anti-Inflammatory Drugs {#sec1-9}
====================================

Nonsteroidal anti-inflammatory drugs (NSAIDs) possess anti-inflammatory properties by virtue of their ability to inhibit prostaglandin synthesis through the cyclooxygenase pathway. Oral NSAIDs have been used in mild cases of IOI. Noble *et al*. have reported successful treatment with indomethacin 150 mg daily in one patient with orbital myositis who had developed adverse effects from corticosteroids.\[[@ref40]\] Compared with systemic corticosteroids, oral NSAIDs have fewer side effects. The side effects depend on the specific drug but include an increased risk of gastrointestinal ulcers and bleeds, heart attack, and kidney disease.

External Beam Radiotherapy {#sec1-10}
==========================

External beam radiotherapy (EBRT) is commonly used as an adjuvant or even an alternative to steroids when symptoms recur during tapering or when the steroids are ineffective or contraindicated. EBRT reduces dependence on corticosteroids with complete cessation of corticosteroid therapy in 56.3% of patients and reduction of corticosteroid dose in 25% of patients.\[[@ref41]\]

An average dose is 1000--3000 cGy delivered over 2--3 weeks.\[[@ref42][@ref43][@ref44]\] Success rates vary from 50% to 75%, depending on the citing paper.\[[@ref43][@ref44]\] Side effects of radiation include dry eye, keratitis, cataract, retinopathy, optic neuropathy, and periocular dermatitis.\[[@ref45]\]

Antimetabolites {#sec1-11}
===============

Methotrexate {#sec2-2}
------------

Methotrexate is a folic acid antagonist that inhibits dihydrofolate reductase in folic acid synthesis which is an enzyme needed for synthesis of DNA and RNA, resulting in the inhibition of rapidly proliferating cells, suppressing both B-cell and T-cell function. Adverse effects of methotrexate include fatigue, hair loss, gastrointestinal disturbances, neutropenia, and hepatotoxicity.

Smith and Rosenbaum treated seven IOI patients with methotrexate as a steroid-sparing drug at a dose of 15--25 mg/week. Of these seven patients, four (57%) demonstrated clinical benefit, one (14.3%) had no response, and the remaining two patients preferred to stop treatment.\[[@ref46]\] Shah *et al*. reported better findings, with 5 (83%) of 6 IOI patients showing clinical benefit with the use of methotrexate.\[[@ref47]\]

Azathioprine {#sec2-3}
------------

Azathioprine is a purine analog that interferes with DNA synthesis and inhibits the proliferation of quickly proliferating cells, especially cells of the immune system. There have been several case reports of therapeutic success with azathioprine in IOI.\[[@ref48]\] Rootman *et al*. found azathioprine useful in one patient in conjunction with systemic corticosteroids.\[[@ref49]\] Azathioprine is associated with side effects including bone marrow suppression, gastrointestinal irritation, and induction of malignancy.

Mycophenolate mofetil {#sec2-4}
---------------------

Mycophenolate mofetil is an antimetabolite that has a similar mechanism of action to azathioprine and inhibits purine synthesis, preventing B-cell and T-cell replication. Adverse effects include gastrointestinal disturbances and immunosuppression. Mycophenolate mofetil therapy resulted in complete resolution of inflammation in four patients with refractory IOI and in three of four patients, complete tapering of corticosteroids was possible.\[[@ref50]\]

T-Cell/calcineurin Inhibitors {#sec1-12}
=============================

Cyclosporine-A {#sec2-5}
--------------

Cyclosporine-A (CsA) is an immunomodulatory agent that inhibits IL-1 and IL-2, decreasing the activation of T-lymphocytes. Serious adverse effects include renal dysfunction, hypertension, liver toxicity, and hematologic and dermatologic malignancies.\[[@ref51]\]

Several cases have shown the efficacy of the CsA in cases of uncontrolled IOI, including myositis.\[[@ref52][@ref53]\] Zacharopoulos *et al*. treated a patient with IOI using CsA, at a starting dose of 4 mg/kg/day tapered to 2 mg/kg/day and continued for 18 months. No recurrence was noted at the end of 5 years\' follow-up.\[[@ref54]\]

Alkylating Agents {#sec1-13}
=================

Cyclophosphamide {#sec2-6}
----------------

Cyclophosphamide is an alkylating agent that damages proliferating cells by cross linking DNA. Adverse drug reactions include myelosuppression, gastrointestinal disorders, hemorrhagic cystitis, and induction of secondary malignancy.\[[@ref55]\]

There are only a few case reports in the literature of IOI treated with cyclophosphamide in combination with other therapies. Eagle *et al*. have reported successful treatment result in one patient with IOI using cyclophosphamide 100 mg daily after corticosteroids, radiotherapy, and azathioprine have been tried and found to be ineffective. The patient has remained in remission up to 3 years of follow-up.\[[@ref55]\]

Chlorambucil {#sec2-7}
------------

Chlorambucil has a mechanism of action similar to cyclophosphamide and alkylates and cross-links DNA during all phases of the cell cycle. Significant adverse drug reactions are dose-related bone marrow depression, gastrointestinal distress, infertility, and central nervous system manifestations including seizure, ataxia, and tremor.

There are only limited case reports of chlorambucil used in IOI. Paris *et al*. reported good results with 5-day pulsed chemotherapy consisting of prednisone (100 mg/day) combined with either cyclophosphamide (100 mg/day) or chlorambucil (10 mg/day) in five patients with IOI. This 5-day regimen was well tolerated by all patients without unfavorable side effects.\[[@ref56]\]

Lymphocyte Inhibitors {#sec1-14}
=====================

Rituximab (B-lymphocyte inhibitor) {#sec2-8}
----------------------------------

RTX is a chimeric mouse-human monoclonal antibody against CD20, a cell-surface phosphoprotein on B-cells. Potential side effects of RTX include infusion reactions, pulmonary toxicity, bowel obstruction, cardiac toxicity, and immunosuppression.

There are a few case reports in which RTX treatment of IOI achieved a reduction in disease activity improving edema, discomfort, redness, and diplopia.\[[@ref57][@ref58]\] In one report, RTX and CyberKnife radiosurgery resulted in symptomatic resolution of refractory IOI, and the effect was maintained up to 18 months\' follow-up.\[[@ref59]\] Savino *et al*. reported successful treatment in three patients with IOI with intraorbital injections of RTX at a dose of 10 mg once a week for 1 month. Of these patients, two patients required 2 months of RTX and one required 1 month of RTX treatment at 17.6 months\' follow-up.\[[@ref60]\]

Daclizumab (T-lymphocyte inhibitor) {#sec2-9}
-----------------------------------

Daclizumab is a humanized monoclonal antibody directed against IL-2 receptors (CD25) on T cells. It was initially used to prevent rejection in liver and heart transplants. Side effects include rash, liver complications, and infections.

There is limited clinical experience in IOI with daclizumab. A single case with orbital myositis has been reported in which daclizumab treatment improved chemosis, exophthalmos, pain, and diplopia and remission of the inflammatory signs was maintained up to 1-year follow-up.\[[@ref61]\]

Tumor Necrosis Factor-α Inhibitors {#sec1-15}
==================================

Infliximab {#sec2-10}
----------

Infliximab is a chimeric monoclonal antibody acting against TNF-α. It was initially used in Crohn\'s disease and subsequently in rheumatoid arthritis. This agent is variably effective in ocular inflammatory disease including uveitis, scleritis, and IOI. Side effects include reactivation of latent tuberculosis, rash, headache, hypotension, lupus-like reactions, infusion reactions, elevation of antinuclear autoantibodies, and possible risk of lymphoma. It may have synergistic effects with methotrexate, therefore, dose reduction may be possible.

Favorable response to infliximab has been reported in several patients with chronic and refractory IOI previously treated with corticosteroids, chemotherapy, and radiotherapy. The dose of infliximab is 3-5 mg/kg intravenously at weeks 0, 2, 6, and every 4-8 weeks thereafter until the desired effect is achieved. A recent report of 7 patients with chronic and recalcitrant orbital myositis documented clinical response in all patients to infliximab therapy. It was also noted that only the IOI patients without systemic disease were able to discontinue all therapies.\[[@ref62]\] Wilson *et al*. reported success in the treatment of a pediatric patient with bilateral refractory IOI who has remained symptom-free and off corticosteroids 2 years after initial diagnosis.\[[@ref63]\]

Adalimumab {#sec2-11}
----------

Adalimumab is a fully humanized IgG1 monoclonal antibody targeting TNF-α. Because adalimumab is fully humanized, there is less risk of developing autoantibodies and allergic reactions; otherwise, the side effect profile is similar to infliximab. Two pediatric cases with refractory, steroid dependent, recurrent nonspecific orbital myositis have been treated with adalimumab therapy, showing improvement in clinical signs.\[[@ref64]\]

Surgery {#sec1-16}
=======

Surgical resection may be used in focal mass type IOI, in some anterior/diffuse IOI cases, and in dacryoadenitis \[Figures [4c](#F4){ref-type="fig"}, [5a](#F5){ref-type="fig"}, [5b](#F5){ref-type="fig"}, [5c](#F5){ref-type="fig"}, [5d](#F5){ref-type="fig"}, and [7b](#F7){ref-type="fig"}\]. Obtaining a generous biopsy or debulking of the orbital lobe of the lacrimal gland has been found to be effective in 80% of patients with idiopathic dacryoadenitis as initial treatment. Although these patients did not require medication, 8% of them developed recurrence during follow-up requiring systemic anti-inflammatory treatment. This type of debulking procedure has not been found to be associated with dry eye development as long as the palpebral lobe was left intact.\[[@ref4]\]

Other Treatments {#sec1-17}
================

Treating IOI with intravenous immunoglobulin (IVIG) and plasmapheresis have been attempted. The mechanism of both IVIG and plasmapheresis is removal of autoantibodies either by neutralization or by filtration. These modalities may be considered in recalcitrant IOI cases that have failed all other treatments.\[[@ref65]\]

Conclusions {#sec1-18}
===========

IOI represents a diagnostic and therapeutic challenge for ophthalmologists. The condition may involve a number of structures in the orbit, the clinical presentations, and imaging findings of which are variable and overlapping. As IOI is a diagnosis of exclusion, other pathological conditions affecting the orbit must be ruled out. The mainstay of therapy is systemic corticosteroids. The need for orbital biopsy is judicial. Some prefer to obtain a biopsy in many accessible cases while others reserve biopsy for nonresponding or refractory cases. A range of other therapeutic modalities including EBRT, immunosuppressive/immunomodulatory agents, lymphocyte inhibitors, tumor necrosis factor-α inhibitors, and surgical debulking or resection can be used in patients that do not respond to systemic corticosteroids. Future studies should target the use of new immunomodulatory medications to assess their efficacy and safety.
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